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Section I. GENERAL

1. This monthly publication summarizes the activities of the Systems
Analysis Directorate. The purpose of this note is to give wider and
more timely distribution on subjects of concern to the command.

2. The most significant Memoranda for Record (MFR's) and other techni-
cal information will be published as notes or reports at a later date.

3. 1In order to assure accurate distribution of this publication, addi-
tion or deletfon of addresses to/from the DISTRIBUTION LIST are invited
and should be forwarded to the address below.

4. Inquiries applicable to specific items of interest may be forwarded

to Commander, US Army Armament Command, ATTN: DRSAR-SA, Rock Island, IL
61201 (AUTOVON 793-4483/4628).

Next page 1s blank.




Section IT. MEMORANDA AND OTHER TECHNICAL INFORMATION

Memoranda for Record and other technical information are grouped
according to subjeci, where applicable, and in ciironological order.

Next page is blank.
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ALGORITHM FOR ESTIMATING DETECTION PROBABILITIES

AND TIMES FOR MUZZLE FLASHES Al NIGHT
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DRSAR-~-SAM AL s

MEMORANDI™ FOR RECORD

SUBJECT: Algorithm for Estimating Detection Probabilities and Times ‘or
Muzzle Flashes At Night

1. References:

a. Memorandum for Record, DRSAR-SAM, 19 Mar 76, subject: Study
Plan for Vulnerability Assessment of the M110E2 Due to Muzzle Flash.

b. Interim Memo Report No 503, BRL, May 1976, title: Review of Study
Plan for Vulnerability Assessment of the M110E2 Due to Muzzle Flash.

c. Technical Report No. AFATL-TR-75-74, JMEM, May 75, title: Summary
of FElectro~optical and Infrared Target Acquisition Field Test Data.

d. Mathematical Development of Algorithm on above subject (Incl 1
to MFR).

2. In Ref la and annexes the author discusses the need to quantify the
process of detecting and locating the muzzle flash of artillery weapons.
Detection of this signature is taken in the context of all other

signatures suitable for locating artillery ~- sound, radar, FM radio
emission, and infrared. The BRL (Ref 1b) and other DOD agencies such as

ECOM have been particularly concerned with the detection of infrared emission
from the muzzle gases since the largest proportion of the total radiateéd
energy falls above 0.7 um wavelength =-- typically, in excess of 992 -~ and
because of the presence of two good atmospheric transmission bands oc
"windows'" in the infrared.

3. While it is natural to attempt to exploit the IR (aud other) signaturas
of artillery targets and, therefore, to concentrate research attention on
this topic, the fact remains that the human observer, with and without
optical magnification, is still the most prevalent or common detection
system currently in use on the battlefield. Therefore, it is of practical
significance to describe the detection, acquisition, and recognition of
targets -- during both day and night -- using only photopic emissions.

4, An extensive litcrature exists on detection and acquisition of targets
during, daylipht conditicns. Most field experiments and mathematical wmedels
apply ro the c¢ase in which the target and surroundings, both of which are
norrally considered non-selfluminous, are illuminated by a commen source
of light, viz, the sun. In the case of acquisition (and recognition) of

[ 4
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DRSAR-SAM « AL 6
MEMORANDUM FOR RECORD

SUBJECT: Algorithm for Estimating Detection Probabilities and Times for
Muzzle Flashes At Night

targets during night- or low illumination conditions, the bulk of the
literature concerns the effectiveness of the human assisted by electro- -~
optical devices such as image intensifiers, low-light TV, infrared imaging
systems, etc. A summary of a literature survey of pertinent tests is
given in Ref lc. 1In all of the above scenarios for target acquisition

at night, the visual brightness of the target is negligibly small.

5. 1In Incl 1 to this MRF (Ref 1d) I am exclusively concerned about the
detection of selfluminous targets under conditions in which the baskgtound
has a brightresa of 10~7 foot-lamberts or less (3.4 10~3 candles/m?).
Parenthetically, it is noted that foveal detection under these conditions
doea not change wuch with diminishing background brightness below 103
foot-lamberts. The occurance of secondary muzzle flash in large caliber --
say, above 100mm ~- guns produces a typical peak intensity of the order of 10
candles. This intensity varies by a factor of 2 or 3 from occasion to
occasion and by a factor of about 10, depending on caliber and propelling
charge. Over this range of intensities the flash constitutes a highly-de-
tectable source. The apparent size of the source is quite sensitive to the
charge mass. In the M107 SP howitzer, for example, the estimated maximum
projected area of the source orthogonal to the direction of fire is about 100

. The temporal persistence of the visual flash varies with the system and
defining thresholds, and for the systems of interest varies from 30 to 300
millisec.

6

6. Detection of the above type of target at long range is in many respects
similar to the astronomer's problem of detecting a faint celestial object.
In fact, it may offer some insight to readers familiar with atronomical
observation to compare the calculated visual magnitude of a flash with that
of familiar heavenly bodies. By definition, the visual magnitude of a
celestial object is given as

vis mag = 2.5 log,, (EO/E)

where E is the iflluminance at the observer and E is a reference 111um1nagce.
In photometrically-equivalent radiometric units g = 3.0 10~13 vatts/cm?.
1f the source intensity is given in photometric units -- say, candles --
the radiometric equivalent is given by:
equivalent radiometric intensity (watts/str) = photometric intensity (candles)/685

As a rule of thumb, a: object of visual magnitude greater than about 5 is
not detectable by the human eye.

12
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DRSAR-SAM 1 M 876
MEMORANDUM FOR RECORD

SUBJECT: Algorithm for Estimating Detection Probabilities and Times for
Muzzle Flashes At Night

7. The illuminance at range R from the source is calculated from the source
intensity I and atmospheric transmissivity T. ~

E = 10’1°r1/R2,
vhere
T = exp(-3.912 R/R)

with range, R, and meteorological visibility range, R , in (km), intensity

I in (watts), and {lluminance E in (watts/cm?). The Source brightness B is
calculated from the photometric intensity and projected area of the source
A .

P

Bs (candles/mz) =1 (candles)/'Ap (mz).

Due to scattering processes in the atmosphere, the apparent hrightness
of the flash at range R is Bf = T Bs'

This quantity and the equivalent linear dimension of the source are
essential inputs to the algorithm for calculating the foveal detection
probability given in Ref 1d. The equivalert target diameter is givean by
2vA /ﬂ The angular subtense of the target (in radians) is just the ratio
of the equivalent (target) source diameter to the observation range, R.
Much of the literature on foveal detection requires the subtense in minutes
of arc. The conversion of the suttense from ~adians to minutes is:

a (minutes) = 3437.7 a (radians).

8. Of coursc, detection of flash requires that a set of preceeding events
occurs in ordar that foveal detection can occur. The algorithm presented
in Ref 1d, treats the process of scanning the sky horizon within a
prescribed field of view {. order to obtain an image of a flash on the
fovea (or, for the purpose of this MFR, a sensitive central region whose
size depends upon backpround brightness). Also considered there is the
probability that a line of sight tc the source of flash may not exist

due to terrain rmasking and the probability that detection may fail due to
cessation of the {lash sequence before detection occurs.

9. Although Ref 1d was written as part of Annex 5 to Ref la, it is pre-

13
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DRSAR-SAM
7 AL WIF

MEMORANDUM FOR RECORD

SUBJECT: Algorithm for Estimating Detection Probabilities and Times for
Muzzle Flashes At Night

sented here with the hope of gomewhat more general applications. A numerical
application of the algorithm is illustrated in Figure 1.

/

/

(L <t e X (- e e
1 Incl GEORGE J. SCHLENKER
as Operations Research Analyst

Methodology Division
Systems Analysic Directorate
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Algorithm for Estimating Detection Probabilities
and Times for Muzzle Flashes at Night

The instantaneous probability of detection of a firing battery by a
single observer, Plet’ is given by the product of the probabilities far
occurrence of the following independent events:

(a) a flash is present and not masked by terrain (pl) .

(b) a sensitive region* of the observer's visual field covers the
target image (PZ)

(c) the target image is perceived (p3)

Then,

Pget = P1P2P3- (5.11)

In the following mathematical devel.pment, expressions for each of
these ronditional probabilities will be derived. Since detection of
persistently recurring flashes is time-dependent, an expression will
be derived for the probability of detection by observers after a period of
regular, periodic flashing.

The probability that the observer has intervisibility with the target is
strongly dependent upon the type of terrain and the positions of observer and
target. It is questionable whether one can apply the results of field
simulations using moving vehicles as targets and defensively-situated
observers as witnesses to the situaticn in which firing batteries are thc

tarpets and F0Os on outposts (OPg) are the witnesses, In the latter case. a

*

For background luminance values 10~l foot-lamberts or greater the sensitive
region of the visual field is the fovea, the central region of cone vision,
with an anpular subtense of about 3.5 deg. Blackwellfl% has shown that for
backproui d luminance values of the order of 10-3 foot-lamberts the entire
visual field tested displays nearly the same sensitivity to transient point
sources,
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dore concealed target position will probably be chosen and a less favorable
viewing position will generally be available. Thus, the probability of line
of sight (LOS) for counterfire observation will likely be less than the
probability of LOS for the former situation. In spite of these caveats,
one is compelled to use intervisibility results for the former situation
because of the absence of trustworthy data pertinent to counterfire intervisibility.
A number of functional relationships have been developed to describe
probability of LOS. The one used by TRADOC in the HELLFIRE COEA* is
Plos (R) = (1 + ZR/RO) exp(—ZR/Ro) , (5.12)
where

Plos (R) = probability of LOS from an observer to one specific target

R = range from observer to target

Ro = average, total LOS segment length in terrain
The terrain statistic Ro is the critical parameter in this expression since
plos(R) is quite sensitive to it. Analysis of data from the TETAM field
experiment yields a value of Ro of approximately 800 m for the North German
Plain and 1500m for site A at the Hunter-Liggett Military Reservation. A
group of closely spaced target elements such as vehicles in a platoon can
be regarded as a single target for application of this intervisibility ﬁodel.

To continue with the mathematical development, it is convenient to define

additional variables. Notationally,

T = time interval between flashes (constant) (sec)

bf

Tdur ™ the duration of a single flash (sec)

6 = mean time to detect (sec), given ultimate detection

FOV = search field of view (deg)

*

P.O-III-1 HECLLFIRFE Cost and Qperational Effectiveness Analvsis Addendum,
Appendixes H-v, Vol L1, (COLF), ACN 21396, TLWOC Coabined Arms
Cembat Dev, Activity, 1 Nov 1975. '




a = angular subtense of the target (minutes of arc)

Bf = brightness of the flash (candles/mz) |

B = brightness of the horizon background

C = relative contrast of flash with respect to the horizon
background

M = threshold contrast

Then,
P; = Plos Tdur/ Taur * ’bf’ (5.13)
p, = 1 for FOV<25 deg and B = 1072 foot-lamberts!?! (5.14)
Py = P3(@s Bgy By Typ) (5.15)

An approximate model of 12 which fits data given by Blackwell and
(2]

McCready for backgrounds having a brightness of 10°3 foot-lamberts or
less (3.4 10“3 candles/mz) is given here.

Auxiliary variables 0 and Q are defined:

o = -0.483 10158 | 0. 01¢1<0.4 (5.16)

Q= 5.5 (13 o -4) 7 ,0.3i<a<52. (5.17)
Then,

M = 100 (5.18)
or Q= loglon
and

C = B./3.6 107 (5.19)

[l]Blackwell. H. R. and Moldauer, A. B. Detection Thresholds for Point
Sources in the lear Periphery. AD 759739, Engr Res. Inst. Univ, of
Mich., Ann Arbor, !lich., June 1958,

(
‘2]Blackwell, li. R. and McCready, D. W., Jr. Foveal Contrast Thresholds for

Various fruiaticrns of Sincle Pulees, AD 863307, Engr. Res. Inst. Univ. of
Mich., Ann Arbor, ich., June 1953,

17



And, the probability of foveal detection

Py = 530 | (5.20)
with
z 2
o(z) = 7%; I et /2. (5.21)

Civen intervisibility and flash presence, the probability of detection is
given by pdl with

- .22
Pa1 = P2P3 .22)

Given LOS, each flash presents a new opportunity to detect, so that the

conditional probability distribution of detection time is geometrical with

density
n-1

Pdl(l"'Pdl) 1n 1’ 2'3..;

Thus,
C n-1

O = L a1 ™ Tpe Pqy (1 - Pyy)
or

e = T (5.23)

be/Pa1
This is the mean time to detect given a detection, i.e., assuming LOS and
continvous periodie flashing, 1If the firing interval is given by Tfire’ the
probability that the battery is not detected over this interval by a single
observer having LOS is, approximately,

P{failure to detect = exp(-rf /8). (5.24)

by ith observer} ire

0f course, detection may also faill due to a LOS mask. This probability is

given above as 1 - P .
los

18




For m separately-sited observers performing independent visual search,

the probability of a detection failure over a firing time interval Tfire is

given as follows:

P{detection failure in T , given m observers}

fire

m
=N, @-m) (5.25)

with

"1 defined for the ith observer:

T = Plos (Ri) (l-exp (-1

. 18, . (5.26)

fire
For a single observer the mean time to detect, given that a detection

occurs during the time interval T is obtained as follows. From

fire’ “da’
(5.24), the conditional probability density function for time to detect 1is

£(t) = 8 lexp(-t/8)/[1 - exp(-T,, /0], O<tety . (5.27)
Thus,
- Tfire
tyg ” £ t f(t)de
or
- a.l=-Q+x)
t4a/" -x ’
l-e
with
- x =1, /. (5.28)

19
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Notes for Figure la.

(1]

(2]

P.O-I1I-1 HELLFIRE Cost and Operatjional Effectiveness Addendum,
Appendixes, N - P, Vol. IIuXCONF) ACN 21396, TRADOC Combined
Arms Dev. Activity, Nov. 1975.

P. 36, Boehne, R. C. and Gallagher, V. M., Environmental Models For
the Design and Evaluation of Systems Whose Performance is Line-of-

Sight Limited, AD 834455, Stanford Research Institute, August 1967.
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DRAFT LETTER OF AGREEMENT (LOA) FOR THE DEVELOPMENT

OF A 155MM ILLUMINATING PROJECTILE

Next page 1s blank.
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DRSAR-SAM (19 Jul 76)
SUBJECT: Draft Letter of Agreement (LOA) for the Development of a 155mm Illuminating
Projectile

i DRSAR-RDP FROM  DRSAR-SA DATE 4 AUG W76 CMT 2
Mr. Haase/cl/3177

1. References:

a. DF, AMSAR-RDP, 2 Apr 76, Proposed Letter of Agreement (LOA) for the Develop-
ment of a 155mm Illuminating Projectile.

b. CMT 2 on a., above, DRSAR-SAM, 9 Apr 76, subject as above.

2. DRSAR-SAM has reviewed the subject LOA as requested. Our comments are provided
as Incl 3.

3. This LOA is a rewrite of a previous proposed LOA (Ref la) which we also reviewed.
Our previous comments were provided via Ref 1b. Those comments addressed a broad
spectrum of subject matter, ranging from editorial changes to fundamental issues
involving systems effectiveness and safety aspects. However, except for the
editorial changes, the subject LOA does not reflect our comments at all.

4, With respect to both effectiveness and safety, the LOA proposes a new round
which will be "more effective" and "safer" than the M485A2. 1f, in fact, the
"measures of effectiveness'" are not defined, then we question whether it is possible
to identify those baseline performance characteristics of the M485A2 which will

be exceeded by the new round. Likewise, we question how can it be determined that
thie user requires a new illuminating round unless it can be shown that the M485A2
fails to meet certain well-defined safety and operational effectiveness criteria.
DRSAR-SA contends that these are fundamental issues which require resolution prior
to initiation of an expensive development program.

DI A

I Incl . RHIAN

wd fncl 1&2 Acting Director

Added 1 incl Systems Analysis Directcrate
3. DA 2028

31




R SOOI 1 FORLA

For une of this isem, see AR J40.13, the propencat sgeacy Is TAGCEN. §~29 July 76
METERENCE O OF5ICE STMADL wHecy
Praft Letter of Agrcement (LOA) for the
DRS AR-RDP Development of a 155mm Illuminating
Projcctile
YO SEE DISTRIBUTION FROM  pRSAR~-RDP DATE i 4 JUL w76 T

Mr. Denney/dw/4564

l. References:
8. Letter, ATCD-CF, HQ, TRADOC, 18 June 1976, SAB (Incl 1).
b. Letter, DRSAR-RDP, HQ, ARMCOM, June 1976, SAB (Incl 2).

2. Request draft LOA (Inclosure 1 to reference la) and comments
contained in lst indorsement to reference lb above be reviewed and
comments or concurrencc be provided to HQ, ARMCOM, ATTN: DRSAR-RDP,
NLT 29 July 1976.

ol 7 Jirsy
2 Incl RICHARD L. ANNEY
as Acting Chief, Tech Programs Div

DISTRIBUTION:

DRSAR-AS

DRS AR- CPE
DRS AR-NAE
DRSAR~-MM

DRSAR-PPV
DRSAR-PTT
DRSAP-QAR
DRS AR~ RDG
DRSAR~-KDF
DRSAR-RDI . P
DRSAR-SASC=——m __ |

Flam > REPLACES DD FORM 28, WHICH IS ORSOLETE,
DA BAG 249b B CPO-1975- 665 422/1063

3?




RECOMMENDED CHANGES TO PUBLICATIONS AND DATE

. ' e te 'A::INO-K! ?RMS . s the US Special Too! Lists (RPSTL) and Supply
or vie @ s form, soe i the prepenent egency ls the Catal 1} 1s (SC/SM).
Army Adivtent General Conter. atalogs /Supply Menuals (SC/3M) 31 Jul 76

Une Part {1 (reverse) for Repeir Parts and

TO: (Forward (o proponent of publication or farm) (Include ZIP Code) | PROM: (Activity and locatian) (Include ZIP Code)

DRSAR-RDP

DRSAR-SAM

PART 1. ALL PUBLICATIONS (EXCEPT RPSTL AND SC.SM) AND BLANK FORMS

PUBLICATION, FORM NUMBER DATE TiTLeProposed Letter of Agreement
ATSF-CD-WC/SARPA-AD-D-R4 18 Jun 76 (igA) for the Development of a 155mm
uminating Projectile,

1ITEm
NO.

PAGE
NO.

PARA- LINE [FIGURE
GRAPM NO.* NO,

TABLE
NO.

RECOMME NOFD CHANGES AND REASON
(Exact wording of recommended change must be given)

1

1
6

l.a. |.and
1l.a. pf ANNEX A

2.b. | 3

2.c. nd
3.b. 5&6

3a 4

CHANGE: The LOA concludes that the maneuver force
cannot be supported with illumination in the upper
42% of XM198 range capabilities. But, a logical
argument to support the need for illumination at
24km range is missing. State the actual requirement
REASON: The AD program is predicated on a need
for 1llumination at extended ranges. An argument
for that need should be developed.

CHANGE: State what levels the effective i{llumina-~
tion has been reduced from, or to, Otherwise,
show how the "reduction of 502" was quantified.
REASON: Technical data to substantiate the need
for the system.

CHANGE: Define "effective {llumination" in
quantitative terms.
REASON: Clarity.

CHANGE: The requirement is stated relative to the
M485A2., The "metal parts fallout" of the “M485A2
should be quantified in the text to provide a
baseline from which the 25X reductjion can be
measured,

REASON: The requirement, as stated, is too vague.

CHANGE: 1Include a numerical value for the
illumination "currently provided by the M485A2."
REASON: Since the requirement is stated relative
to the M485A2, a baseline value for the M485A2
should be stated. As it is, the requirement is
too vague.

REMARKS: The acknowledgements that ",..overall
battlefield effectiveness cannot be accurately
quantified..."” and "...factors to quantify combat

*Reference t

o line numbers within the paragraph or subparagraph.

TYPEFD NAME, GRADE OR TITLE

MORRIS C. JOHNSON, Chief
Methodology Division

TELEPHONE EXCHANGE AUTOVON, |SIGNATURE

PLUS EXTENSION )
793-5075/5930 %W%W
yA

DA

FORM

[T L)

REFLACES DA FORM 2028, 1 DEC 88, WHICH WiLL BE u(to.

20285,

33
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RECOMMENDED CHANGES TO PUBLICATIONS AND oATE
BLANK FORMS

For vso of thin lorm, soe AR 310-1; the propensnt sgency le the US Catalogs /Supply Menusls (SC/SM). 30 Jul 76
Army Adivtent Genarel Conter.

Use Part 11 (reverae) for Repeir Perts and
Specisl Tool Lists (RPSTL) snd Supply

TO: (Fwnard 1o propavent of publication or farm ) (Inc hude ZIP Coun) § FROM: (Activity end locetian) (Inchute Z1P Code)

DRSAR-RDP

DRSAR-SAM

PART | . ALL PUBLICATIONS (EXCEPYT RPSTL AND SC. SM) AND BLANK FORMS

PUBLICATION . FORM NUMBER

DAtk TITLE proposed Letter of Agreement

18 Jun 76 KLOA) for the Development of a 155mm
lluminatiog Projectile . |

1

TABL
NO.

RECOMME NOED CHANGES AND REASON
(Esact warding of recommonded chande must be given)

ATSF-CD-WC/SARPA~AD-D-R4
tTE PAGE PANA. LINE [FIGURE
N NO GRAPY NO . * NO.
7 2 3.b. 4
8 2 J.a all
9 ] 6.a

effectiveness remain elusive...” should stimulate
considerable concern within TRADOC and DARCOM.

The combat effectiveness of all conventional
weapons systems under nighttime conditions depends
uron the ability to acquire targets, to effectively
engage them, and to assess damage inflicted upon
them. Illumination enhances that nighttime capabil

REMARK: Based on thc remarks made in Para 2.c.(1),
it {s not readily apparent how that "judgment" can
be made at this point in time. 1f, in fact, the
"measures of effectiveness” are not defined and if
the sensitivity of "effectiveness' to the critical
factors is elusive, then how can we judge that

the battlefield effectiveness will be 3 to 7 times
better than the M485A2?

REMARK: Perhaps the "measure of effectiveness’
for {lluminating rounds needs to be examined and
defined prior to initiation of a development
program leading to a new "end item." It seems that
the sensitivity of "effectiveness” to each of the
factors identified in Para 3.a. should be
established so that needed improvementa can be
atated in more specific terms.

CHANGE: The paragraph 6.a. should be separated
into two paragraphs 6.a. (Operational Effectiveness
and 6.b. (Required Performance Characteristics).
Change the current 6.b, to 6.c., and the current
6.c. to 6.d.

REASON: Clearly, the most critical issue (or
unknown) 1is the operational effectiveness of
{1luminating rounds. Quantitative estimates of

the tactical advantages to be gained through

the use of illumination must be developed from
congiderations of use concepts, tactics and doctrin

Rolrrence

» tine numbera within the paragraph or subpyragraph,

TYPED NamE, GRAQE O TITLF

TELEPHANE ¢ XCHANGE AUTOVON. | SIGNATURE
PLUS EXTE NSION

DA .5°*~.2028

Hr ML ACES DA FORMINIE ) DEC 68, Wail 1 WwiLL BF USED.

34

[ty.




RECOMMENDED CHANGES TO PUBLICATIONS AND OATE

Use Part {[ (reverse) for Repait Parts and
, BLANK FORMS Special Too! Lints (RPSTL) and Supply
or use of this form, see AR 310-1; the propenent agency Is the US Catalogs /Supply Manuals (SC/SM). 30 Jul 76

Aemy Adiuvtent Generel Ceonter.

TO: (Forward to proponent of public ation ar taem) (Inc luxde ZIP Code) | FROM: ‘Activity and location) (Include Z1P Code)

DRSAR-RDP

DRSAR-SAM

PART 1 - ALL PUBLICATIONS (EXCEPT RPSTL AND SC 5M) AND BLANK FORMS

PUBLICATION/FORM NUMSER

ATSF-CP~-WC/SARPA-AD-D-RA

DATE TiTLe Proposed Letter of Agreement
(LOA) for the Development of a 155mm
18 Jun 76 11luminating Projectile

ITEM PAGE PARA- LINE [FIGURE | TABLE RECOMME NOED CHANGES AND REASON

NO. NO. GRAPK NO.* NO. NO. (KExact wording of recommended change must he given)

Then, the sensitivity of the operational effective-
ness to changes in systems performance character-
istics can be quantified in meaningful terms.

10 3 6.a. REMARK: The concept of "useful range of employ-
ment"” should also be studied. The assumption
that maximum ranges of illuminating projectiles
must be equal to maximum ranges of other pro-
jectiles should be examined in detail.

11 4 8.

4585 10. REMARK: Significant effort is likely to be

required in the definition of quantitative
"measures of effectiveness,'" "math model building,'
and the conduct of "sensitivity analyses' early

in the development cycle. If this work is not don
prior to or early in the cycle, then quantitative
evaluation of trade-off options and evaluation of
the projectiles performance at DT/OT I testing
may not be possible. Therefore, it is suggested
that the milestone schedule and funding statement
reflect adequate resources for the development of
analytic methods and quantitative estimates for
operational effectiveness.

*Reference t

0 line numbers within the paragraph or subparagraph,

T YPEC NAME, GRADE CR TITLE

TELERPHONE EXCHANGE AUTOVON, | SIGNATURE
PLUS EXTENSION

DA

FORM
VLM T4

2028

RePLACES DA FORM 2028. 1 DEC 88, wHICH WILL BE LSED.

Next page is blank,
35
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STANDARDS FOR TESTING LASER DESIGNATORS

Next page is blank.
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DRSAR~SA (26 Jul 76) 1lst Ind '
SUBJECT: Standards for Testing Laser Designators

1Q, US Army Armament Command, Rock Island, IL 61201 10 agg K

TO: Commander, US Army Test and Evaluation Command, ATTN: DRSTE-ME,
Aberdeen Proving Ground, MD 21005

1. Reference is made to Technical Report No. 111700-1-~F, Environmental
Research Institute of Michigan, August 1975, title: Evaluation of Target
Reflectance Illumination Model With Secomd-Order (TRIMS).

2. As requested in the basic letter, the draft document, subject as
above, has been reviewed. Comments and recommended .hanges are provided
as Inclosure 1.

3. Our comments refer repeatedly to the ERIM Target Reflectivity Model
whose validation is described in reference 1. This model has proved

useful to ARMCOM in examining the laser-target-projectile interface.

It is suggested that appropriate application of the model to new desig-
nation situations may significantly reduce the requirement for live firings.
The Physics Team in the Rodman Labs is the custodian for this model.

Point of contact is Dr. Mike Amoruso, AUTOVON 793-4683,

FOR THE COMMANDER:

’/ /
X .
1 Incl . - 4/

as -~ Acting Director
‘Systems Analysis Directorate

CF.
DRCPM-CAWS-FO (COL R. Nulk) w/o incl
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LAY S F
DEPARTMENT OF THE ARMY s, Wise/14/283-2478
HEADQUARTERS. U. S. ARMY TEST ANO EVALUATION COMMAND

e

~‘§1;”3:7'.? ABLRDEIEN PROVING GROUND. MARYLANO 21003
t S s ;"
N
Rz 8 ~ 20 Sep TF
DRSTE-ME 26 JULW78

SUBJECT: Standards for Testing Laser Designstelre

SEE DISTRIBUTION

1. Reference is zade to rceeting at WSMR, 9-10, June 1976, subject:
Uniform Standards for Laser Desigrator Developments.

2. TECOM was directed Yy DARCCM to:

8. Develcp standards t¢ assure uniformity i{n mecsurement of those

lager designator technical parareters that bear on ccaditional hit
probability, e

b. Develop policy concerning coutrol of the data collaction for
leser cesiznavore as required ror the single integrsted development
testing 2ycle (SIDTZ).

¢. Deternine cost savings that can be accrued by ninlmizing live
firings.

e L beasn (- Leterd ¢
3. The inclosed draft report documents the results of TECCM's efforts

in esch cof the above areas of ccncern. »

2. e - o aar s one s I o ey
A . Y
.

fw FRoces '-e>, el Tare mhewn wirutaihe r;r-.«, are aii nevw .
£ ey gevelopou il DIl dur .h;: 2 oeihe They pmust be theroophly
vuiidated oelore .e.ug uui.xhci ar testing standacds, ¢ ) :
5. As egreed at the referenced reeting, a copy of the araft report is
prcevided fer your ccmments. Of mojor importance are your views con-
cernirg: .

2. The tecrrical adequacy of the tesct precedures,
v. Recommended changes to the test procedures,
¢. Required follow-on acticn.

Comments should be forvarded to HQ, TECOM, ATTS: DRSTE-ME. They &, 5

should arrive by CO3 20 September 1976. 3. Y Lt
\q-'. . >

g I .-',vf-’ :

\9#" .~ D '{‘:
’ 3
EXPIRES 26 July 1977 776191

-




\\
s . 26 JuL 175
DASTR-rE
SURJiCT: Standards for Testing ‘Laser Designators

6. The points of contact at TECOM are Mr. Sidncy Wise and Dr. Nerzan Pezts,
Autovon 283-2176/3677/2478.

FOR THE COMMANDER: ! , s
L3 [y ‘,‘{ . .
~.. . ‘.
. - Q,{/(uc{ (V¢ .
* ,,-" S8IDNEY f“
. Director j Methodology Izprovengnt
. .
Y L ]
®
»
]
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BLANK FORMS

Army Adiutent Goneral Conter.

RECOMMENDED CHANGES TO PUBLICATIONS AND DATE

Forvee of this ferm, 100 AR 310-1; the propenent ageney is the US Catalogs /Supply Manusls (SC.SM).

Use Part 1] reverve) (ar Repair Parts snd :
Spe: 18l Tool Lists (RPSTL) and Supply T1AUG v

Commander
US Army Test & Evaluation Command
ATTIN: DRSTE-ME

Aberdeen Proving Ground, MD 21005

TO: £ ueward 1o propanent of publicaiion a farm) (Incivde Z{P Code) | FROM: (Activity and locatian) (Inciude ZIP Cude) . ¢

Commander

US Army Armament Command
ATTN: DRSAR-SA

Rock Island, IL 61201

PART 1- ALL PUBLICATIONS (EXCEPT RPSTL AND SC SM) AND BLANK FORRMS

PUBLICATION. FORM NUMBER

Draft Report

pate "€ Standards for Testing Laser

July 1976 Designators

1ITEN »aGE PARA- LINE |FIGURE | TASLE
N NO. GRAPN NO.* NO. NO.

RECOMME NDED CHANGES ANDC REASGY
(Exoct werding of recommended chandge must be ,iven)

1 4 (4 | 2

COMMENT: Add "as seen by the seeker" to the
sentence: '"(Energy distribution in plane of
target)." REASON: Clarity. It is notcd that
the distinction between seeker frame of reference
and designator frame is frequently obscured by
use of the term 'plane of target.”

COMMENT: In referring to the '"conditional"” hit
probability some de{inition 1s required. In an
operational setting the probability of hitting

the target with (CLGP) Copperhead depends somewhat
upon targat location error (TLE). The TLE in

turn may depend upon rangefinder performance.
However, if the conditions involve acquisition
and lockon, guidance accuracy does not depend
strongly upon the TLE or, alternatively, the
position of the target within the footprint.

COMMENT: Suggest deleting "MICOM" and replacing
with organizations performing flight simulatioms.
REASON: A cri-service measurement spec requires
greater generality.

COMMENT: Add "as seen by the designator” to
"(in the target plane)." REASON: Atmospheric
jictter 1is usually defined in a plane .nnrmal

to the beam.

COMMENT: Replace "95%" with "90Z". REASON:
Consigtency. 90 is usually the boundary selected
for defining the laser beam. S»e definition of
beam diverpence and maximum range elsewhere in

the report, e.g., p. 13.

COMMENT: Delete by MICOM." REASON: Same as
iten 3.

L D T

GEORGE J. SCHLENKER

RN <A, IR 3 iKY [0
PLUS EXTE NSl

LRSAR-SAM Med 4 ATV 793-5075 @ e, LN (o omen ¢

ME T r  mAreue AUT OV ON, LT R AVIE) X

)
/ s

N .~
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RECOVMENDED CHANGSS TO PUBLICATIONS AND oarte

For vsa ol this form, see AR J10-); the prapencnt agency is the US Catalogs/Supply Menusls (SC.SM). i L AUG 97

BLANK FORMS

Army Adiviant Genersl Conter.

Uise Part (| (raveree) {or Repair Parts and
Special Tool Lists (RPSTL) and Supply

TO:1 Forward 1o peopane ot of ,ubhication @ torm) (Inciude ZIP Code; § FROMt (Actsvity and location) /inc tude Z1F Code)

Commander
LS Army Test & Evaluation Command
DRSTE-ME
Aberdeen Proving Ground, MD 21005

ATTN:

Commander

US Armvy Armament Command
ATTN: DRSAR-SA

Rock Island, IL 61201

PART | - ALL PUBLICATIONS (EXCEPT KPSTL AND SC SM) AND BLANK FORMS

PUBLICATION FORM NLMBER DATE TiTLE Standards for Te".tng L‘ser
Draft Report July 1976 Designators
ITEM PAGE PARA~ LINE |FIGURE | TABLE NECOMME NDED CHANGES AND REA'ON
~0. NO. GRAPKN NO.* NO NO. rEzect warding of rer ammended chany, muat be geven)
7 16 3a(2) 4 COMMENT: Indicate and clarify frame of reference.
REASON: Actually, as noted on p. 58, the distri-
bution of pulse-to-pulse energy as seen by a
target being tracked by a designator also depends
upon the georetry of the target, target reflect..cq
characteiistics, and laser beam jitter. These
characteristics are considered in signature
analyses performed using the ERIM Laser Target
Reflectivity Model,
8 23 b.5.2.21 5 TOMMENT: Change "6.5.2.1 above" to "6.5.1.1 abovel"
REASON: Erior in reference.
9 59 3 and COMMENT: The listrumentation preparation, procedure,
Followifg and analysis require -dditionul detail to be use-

!

4

“weeker reterence iirections * o be used in the

ful. Further, a live firing seeus unnecessary
here. REASON: From the description of the :test
given An pp 39 and 6C, it appears that t!e only
purposes served bv the live firing are (a) teo
define a trajectory or set of reference directioms
for the seeker durine terminal homing and (b) to
provile a single sampie of wuidance accuracy to
corre ite with an Jphalviic prediction tor that
samp! - 0! Jdesignator-reterenced signature.

For a val:J.ted tarcet reticctivity model such as
the “RIM iel {Fet 1; it .s only necessary to
describe ‘he heam position and energy relative

te the designator to predicl the eneryy incident
upon ¥ roceiver placed in anv arbritrary pesition,
It ‘s, of course unnecessary to actually fire a
projectile to ade: . ate’'v determine a relercnce
trijectorv. Such g trajecterv can be simulated
with adequate pre.isicon to de' ine the set of

! H } .- ;2 .
: : ; (taraet retlectiv.iv wodel,  Thus, a2 non-ti-ing
; ; ‘ itro-in and de2steaation test provides sufficient
' H . . .
! : e reation to apalveically »redict the sivratare
— - A PR o ——
, R . R
5 N . u TR
—~ Nt :
]
-~ - s
- - - we
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RECOMMENDED CHANGES YO PUBLICATIONS AND oATE
BLANK FORMS Use Puart [| (reverse) for Repawr Parts and

Special Tool Lists (RPSTL) and Supply - 11U 7
Peor vag of thig form, see AR 310-1, the prepencnr sgancy e the US Catsiogs /Supply Manuals (SC. 3M).
Army Ad;urent Generel Conter.

TO: ‘# crweoed 1) propunent ot publication w larm) (Include Z1P Caode) | PROMI (Activity and focerian) (incluge ZIP Code)

Commander Commander
US Army Test & Evaluation Command US Army Armament Command
ATTN: DRSTE-ME ATTN: DRSAR-SA
| _Aberdeen Praoving CGraund, ‘N 21005 Bock Island 11 __A1201
PART | - ALL PUBLICATIONS (EXCEPT RPSTL AND SC, 5M) AND BLANK FORMS
PUBLICATION FORM NUMEER OATE TITLE
Standards for Testing Laser
Draft Report July 1976 Designators
1TEM PAGE PARA. LINE |[FAGUAE | TASLE RECOMME NDED CHANGES ARD PEASON
NO. NO GRAPW MO ¢ NO. NO. (Esece warding of recommended change must be given)

seen by the seeker in terms of both irradiance at
the dome and apparent motion of the energy
centroid from pulse to pulse. A set of tracking
runs provides the basis for constructing a
stochastic model of the spot motion noise. It is
felt that such a model used in connection with

a valid flight simulation is a2 more useful and
trustworthy estimator of both guidance accuracy
and signature referenced to the seeker than is a
single live firing.

10 71 2a 3 COMMENT: Add to end of sentence: "and to compare
results from different designators.” REASON: The
primary justification for having standard targets,
for systems capable of attacking many different
types of targets, is to facilitate comparisons.

11 81 3 |COMMENT: Change: '"Total No. of Man-Hours" to
"Man-Weeks." REASON: Typographical error.

In general, the cost analysis performed nhere
appears conservative in terms of cost avoided.

R verr e ta tioe ageebore Wt the pars crapn or wabrarasrenibk

At ALK . TLE ThLe ot ~ L maNoe AUT LN, | SIGNAYT URE
PLUS EATENSION ,
L. A — s "3 ;2 .
A BN T4 3o s PP A ST GRPURANY S
| .
A 4
U;‘i PFCFw 232: WL TLACES uA FORM20:8, % DEC 8. wwicH wmiLL Bt useo. Next page {s blank.
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DRAFT TEST DESIGN PLANE (TDP) FOR DTII OF THE

BIOLOGICAL DETECTOR AND WARNING SYSTEM, XM19/XM2

Next page is blank.
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DRSAR-SA (8 Aug 76) 1st Ind
SUBJECT: Draft Test Design Plan (TDP) for DT II of the Biological Detector
. - and Warning System, XM19/XM2

HQ, US A'rmy Armament Command, Rock Island, IL 61201 17 aUG w76

TO: Commander, US Army Test and Evaluation Command, ATIN: DRSTE-TID,
Aberdeen Proving Ground, MD £1005

1. DRSAR-SA revi.wed the subject TDP as requested. Our comments are
forwarded as Inclosure 2. -

2. In reviewing future TDP's and 1EP's we request that more time be alloted
for review. The IEP for the XM19/XM2 arrived here the afternoon of the
suspense day. The TDP arrived here the afternoon of the 12th with an

18 August suspense date.

3. As can be seen from our comments, DRSAR-SA is concerned that the XM19
will be tested against the ACPLA threshold level stated in the ROC.
DRSAR-SA considers this ACPLA too high (see comment 3). We therefore
‘recommend that data be obtained for ACPLA's that are considerably lower
than that stated in the ROC.

FOR THE COMMANDER:

1 Incl

wd incl 1

Added 1 incl -
2. DA 2028
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DEPARTMENT OF THE ARMY Mrs, lee/mb/283-5222
HEADQUARTERS. U 8 ARMY TEST AND EVALUATION COMMAND
ABERDEEN PROVING GROUND. MARYLAND 21008 ¢

S: 18 Aug 75
"DRSTE-TD 8 AUG 975

SUBJECT: Draft Test Design Plan (TOP) for DT Il of the Biological
Detector and Warning System, XM19/XM2

VCt;mnander. US Army Armament Command, ATTN: DRSAR-SA,Rock Island, IL

61202 .
Commander, Edgewood Arsenal, ATTN: SAREA-DE-DB, Aberdeen Proving

Ground, MD 21010

1. Subjert Draft TECOM Test Design Plan has been prepared by this head-
quarters and is provided for informal coordination.

2. Pequest comments/concurrence be submitted to this headquarters NLT
18 August 1976.

FOR THE COMMANDER:

‘ .7 .. o "
1 Incl WILLIAM B. McINTOSH
as Director, Test Design and

-- Statistical Analysis Directorate
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RECOMMENDED CHANGES TO PUBLICATIONS AND oaTe
BLANK FORMS

Por veo of thia form, see AR 310-1; the progponcat agency Is the US Catalogs /Supply Manuals (SC/SM).

Awny Adijvtont Gonarel Conter.

Use Part [1 (reverae) for Repair Parts and
S ! t List and_Supp!
pecisl Tool Lists (RPSTL) 4 upply 17 AU o

TQ1 (Farward 10 proponent of pubiicstion @ farm) (Include 21P Code) | FROM: (Aciivity end location) (Include ZIP Cede)
Commander
US- Army Test and Evaluation Command
DRSTE~TD
Aberdeen Proving Sround, MD 21005

ATTN:

Commander

US Army Armament Command
ATTN: DRSAR-SAM

| Rock Island, IL_ 61201

PART | - ALL PUBLICATIONS (EXCEPT R®STL AND SC/5M) AND BLANK FORMS

PUBLICATION/FORM NUMBER

Draft Report

oate TTLEDT 11 Test Design Plan for the

iological Detector and Warnin
August 1976 n, X34)9/xM7 &

ITEM
N,

PAGE
NO.

PARA. LINE
GRAPNM NO.*

FIGURE
NO.

TASLE
NO.

RECOMMENDED CHANGES AND REASON
(Enact wording of recommended change muet be given)

1

6

10-11

3.2a |162

5.1.1a

5.1.1b

5.1.2

5.1.3

COMMENT: Move to Critical Issues List.

REASON: We must know what the agent is after its
detection so proper steps can be taken to care
for casualties.

ADD: Other issues - What are laboratory require-
ments to support the XM2?

COMMENT: DRSAR-SA reviewed the ROC. It 1is our
opinion that 1f the XM19 will only meet the ROC
requirements that agents with low decay rates,
low ID5 tg+ high dissemination efficiency, and

at low ?low rates will not be detected by the
XM19. The estimated average casualties from such
an agent would be 63%Z over an area of 10,500
square kilometers. We feel this is significant.
and therefore the ROC must be reviewed.

COMMENT: If the number of variable organisms
stated in the ROC is critical, the XM2 would not
operate under the condition stated in comment 3
above, Thisg criteria must be reviewed.

COMMENT: Because DRSAR-SA has doubts about the
capabilities of the XM19 to detect low concen-
tration (less than ten particles per liter 'with
the possibility of having to worry about levels as
low as 2 particles per liter). We feel that a
matrix which examines the range of concentration
levels the XM19 must be able to detect should

be developed as part of the data required package.

COMMENT: Because of the reasons stated in 3 & 4
above this ROC should be reviewed.

*Reference t

o Iine numbers within the paragraph or subparagraph.

TYPED NAME, GRADE OR TITLE

OTTO F. HAASE, JR.

TELEPHONE EXCHANGE/AUTOVON, | SIGNATURE
PLUS EXTENSION

DRSAR-SAM M 2 ATV 793-317

oy | VR F e

DA PORM 2028 REPLACES DA FORM 2028, | DEC 85, WHICH WILL BE USED.
1 FEB 74




RECOMMENDED CHANGES TO PUBLICATIONS AND Use Part 11 (reverse) for Repair Ports and OATK

BLANK FORMS

Specisl Tool List PS nd Suppl . s
Por wso of his form, so0 AR J10-1; the preponcnt agency lo the US c.'.::“m; ;-(.-':..uT(li)c:',-sn). y P 1
Ay Adjutont Gonarel Conter,

T (F o to pu of publ on @ fevm) (Inchade Z1P Code) | PROM (Activity ond lecatian) (nchate ZIP Code)

Commander Commander

US Army Test and Evaluation Command US Army Armament Command

ATTN: DRSTE-TD ATTN: DRSAR-SAM

[N Bock laland. 1L 61201
PARTY 1 - ALL PUBLICATIONS (EXCEPT RPSTL AND S5C./SM) AND BLANK FORMS

PUBLICATION/F ONM NUNMBEA OATE TrieDT II Test Design Plan for the
Draft Report August 1976 1olog{c;;137;§;For and Warning
17Cm rPAGE PARA. LINE [FIGURE | TABLE RECOMMENDED CHANGES AND REASON

NO. NO. GRAPKH "O.* #O. NO. {Keect werding of 19 emmondod chonge must be given)

7 11 |5.1.4 COMMENT: DRSAR-SA questions the ROC. Therefore

ve would like to be sure the data obtained can
determine the sensitivity of response time to
concentration far less than those indicated in
the ROC

*Reference to line numbesa within the paragraph or subparagraph.

TYPEO NAME, GRADE OR TITLE TELEPMONE EXCHANGE/AUTUVON, | SIGNATURE
PLUS EXTENSION

OTTO F. HAASE, JR.
DRSAR-SAM ATV 793-3177 (8 bﬂﬁ‘ l%uj

DA FORM 2028 NEPLACES DA FORM 2028, | DEC 88, WHICH WILL BR USEO.
" FER Vs
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155MM CANNON LAUNCHED GUIDED PROJECTILE (CLGP)

OPERATIONAL ANALYSIS

Next page is blank.
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DRSAR-SAM (11 Aug 76)
SUBJECT: 155mm Cannon Launched Guided Projectile (CLGP) Operational Analysis

TO  DRCPM-CAWS-TM FROM  DRSAR-SA DATE sIAR B omr 2

Mr. Schlenker/cl/5075

1. References:

CAO Information Request to COPPERHEAD Project Office (GAO Review 951283),
76, subject as above.

Ansvers to Questions in GAO Review 951283, 19 Aug 76 (Incl 2).

requested, DRSAR-SA has prepared a set of answers to the CAO Information

Request, reference la.

a.
11 Aug
b'
2. As
3. In
GAO 1in

range.'

preparing reference lb, DRSAR-SA was required to infer the purpose of the
asking the question so as to clarify terms such as "minimum and maximum required
Additionally, it does not seem to be proper for DRSAR-SA to speak for the

entire Army -~ User and Developer -- on such issues as the nead for a MULE-type
designator (Question number 8 of reference la). Therefore, the answers given to all
these questions reflect only the technical and operational requirements of the CLCP
program, as we understand them.

GneED
2 Incl MORRIS C. JOHNSON
Added 1 incl Acting Director
2. Answers to Questions Systers Analysis Directorate

O L 5 ad 1A i g0 VAR W B P B e St g

RECRADID UFCLASSIFIZD WHIN SEPARATED
FEOM CLASSIFIED INCLOSURES
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. [ -l';ﬁp"-\r\ ::r-\ resrs
. N — .‘Jo‘)dd‘u‘~h/hj [. Nie’ w w it
[ 2 sig lorm, neo AR 140.15, the praponent agency is TAGCEN. S-ZO Aug 76
Terie L N IFRCE STt WOIECT

Dr Pt CANS=-TM 155mm Cannon Launched Guided Projectile (CLGP)
Operational Analysis

7O DRSAR-SA FROM  DRCPM-CAWS-TM PATE 11 Aug 76 CMT 1
Mr. Fuqua/jc/6534

1. Tho GAO is reviewing the 155mm CLCP program. They have provided the attcched
information rcquest (Incl 1) to our Field Office located at MICOM. Based on your
opcrational studies and analysis that your division has performed on CLGP, request
answers be provided to the questions that are circled. Even though some of the

questions should be answered by the user, ARMCOM is in a better position to reply.

2. Reply is desired by 20 Aug 76,

1 Ol Lfnd Fiigpee
1 incl /Z CLIFFORD FUQUA

as Acting Chief, Technical Mgt Division

A
)" = s L N REPLAGCES OD FOHM 96, wHICH IS QBSOLET
D/ RT3 24 .) QO ' €. R GPO-1976-665422/1663
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CA0 Information Request to COPPERHEAD Project Office (CAO Review 951283)

Currently, there arc three ground designators under development ~ the LWLD,

MULE and GLLD. Each designator has different characteristics such as range,
beam divergence, and tracking accuracy. The purpose of the request is to
idencify the designator characteristics required by COPPERHEAD and to identify
the fmpact of differing designator characteristics on COPPERHEAD performance.
This information will be used in assessing the need for three ground designators.

Range requirements and operational (tactical) reauirements:

'(i) What are the minimum and maximum ground designator-to-moving target
ranges required by COPPERHEAD?

(:é) Why is the minimum range set at that value?
C}! Why is the maximum range set at that value?

{32 What are the minimum and maximum ground designator-to-stationary target
ranges required by COPPERHEAD and why are they set at these values?

v(ST What is the operational concept for employment of COPPERHEAD in terms of
ground designator-to-target range, COPPERHEAD-to-target range, and HELLFIRE-
to-ground designator range?

What is the operational concept as to the location of the designator,
HELLFIRE- and target with respect to the FEBA?

(}. What studies, analyses, field tests, etc., have been done on the frequency

of opportunities for engagement at various ground designai.lon ranges? What
vere the results?

6 What are the advantages and disadvantages to m the additional

range provided by GLLD over the range provided by MULE?

v(B) What would be the effects on IRE operational performiﬁce and cost
effectiveness if the GLLD program were terminated and replaced by the MULE?

(:) Why does the Army not have a requirement for a MULE type deaignato:@

10. What percentage of designations are expected to be from ground
designators?

Beam Divergence and tracking accuracy requirements:
1. How are & s designator requirements stated:
a. In terms of the amount of energy and time of energy on target.

b. 1In terms of becam divergence and tracking accuracy at various
designator-to~target ranges.

¢. Both la and 1b.

Seed 1
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'ﬂ i) What are the values of these requirements in question 1 above? (If the
requivenments are stated as in la, identify the values here and convert them
into values as stated in 1b, and display in the following format:)

Range (m) Beam Divergence (mr) : Tracking Accuracy (mils)
Designator to Target 1/  Minimum 2/  Maximum 3/  Minimum 4/  Maximum 5/
1000

1500

2000

2500

3000

3000

3500

4000

4500

5000

1/ 1f beam divergence and tracking accuracy requirements are different for
stationary and moving targets, prepare two separate charts.

2/ Minimum (smallest) beam divergence required.

3/ Maximum (largest) beam divergency required (acceptable).

4/ Minimum (smailest) tracking error required.

5/ Maximum (largest) tracking error required (acceptable).

3. At what ranpes does the MULE satisfy REHWERE beam divergency and
tracking accuracy requirements? At what ranges does the MULE not satisfy

these requircments?

4. At what ranges does the GLLD satisfy m&m divergency and tracking

accuracy requirements? At what ranges does the GLLD not satisfy these
requircments? '

1
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OTHLER RLQUIRLMUNTS:

”»
1. What other designator characteristics are required byml (e.g.,

duty cycle, activation time, etc.)

2. Which character’stics are met by both MULE and GLLD?
3. Which characteristics are met by GLLD but not MULE?

4. Which characteristics are met by MULE but not GLLD?

5. Which characteristics are met by neither MULE or GLLD?

OTHER QUESTIONS:

1. 1In an October 14, 1975 letter to the AMRAD committce, the Navil Weapons
Center said, "There is no Army stated nced which the MULE could not completely
fulfill.” 1In a November 6, 1975 letter to the Marine Corps Development Center,
the Precision Laser Designator Office said, "... the MULE will not meet the

CLGP or HELLFIRE designation requirements.' What is COPPERHEAD's position
on this matter and why?

2. What interest has the Marine Corps expressed in using COPPERHEAD? Does
the Marine Corps plan to use it with MULE?

JERA

If you have any questions, please call Bill Noel at 876-~7226.
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Answers to Questions from GAO to COPPERHEAD (CLGP) Project Office
(GAO Review 951283)

1. The minimum designation range required for designation of all ground
targets is zero, i.e., the ground designator should be able to approach
arbitrarily close to the target he is designating. As required by the
CLGP system specification, the maximum range for ground designation of
moving targets is 3 km and for statiomary targets {s 5 km.

2. These specified minimum and maximum range limits define the condiciogs
within which guidance error may not exceed the specified value .

3. The designation range (DR) limits are a reflection of both technical
and tactical factors. It is not suggested or implied that 3 km is the
maximun tactically useful DR or that the likelihood of target defeat is
neglipible beyvond that range. The specified valuss are a practical
limit for test purpeses and indicate the performance capability of the
system at military useful ranges.

4. The maximum specified designation runge (DR) of stationary targets
is 5 km. Tactically, ranges in excess of 5 km are repgarded as unlikely
for ground designators because of the difficulty of acquiring targets
at that range, given intervisibility, and because surface to surface
intervisibility is improbable beyond 5 km.

5. The operational concept for employing COPPERHEAD places the artillery
batteries in their conventional positions relative to FELA. 1In the case
of the MIO9Al and that of the XM198 howitzers, battery position is approxi-
mately 6 km aft of FEBA. With cach direct-support (DS) battery will be

- assocfated three (3) forward observers (FOs) equipped with the GLLD

and possibly one or more FOs from higher artillery echelons, e.g., from
attached DS reinforcing batteries or from general-support (GS) artillery
units., Mortar FOs may also be equipped with laser designators to provide
additional desipnator capability for both COPPERIEAD and HELLFIRE.
Cenerally, the FO parties will occupy elevated, tactically sound, bunkered
positions at or near FEEA during defensive operations. Some FO parties
may be deployed defensively with advanced guard outposts 1 to 2 km ahead
of FEBA. Although doctrine for employing FOs has not been firmly established,
some consideration has been given to placing CLGP FOs in other positions
relative to FEDA such as with reconnaissance parties in an attack posture.
In the above locations, designators may acquire tarpets as far as 5 km
from their own position or about 7 km from FEBA, while in a prepared
defense. Doctrinarily FOs will continue to designate moving targets as
they approach FIBA until final protective fires are required, i.e.,
betveen 0.5 to 1 km from FEBA. Being elements of the artillery system,
GLLD-equiprped FOs will give priority to COPPERHFAD missions when faced

*
Classified data has been deleted.
J}wu;' 2
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with a hirh density of armored targets, If arctillery fires are unavailable
or infeasible for a given mission, an FO party with the GLLD may designate
remotely for HFLLFIRE. For the security of the helicopter launching
HELLTIRE, the helicopter will not generally approach within three kilometers
of a group of tarpets having an organic air defense capability, such as

the Soviet ZSU-23-4. tHowever, in the designator-remote mode for HELLFIRE,
ground designators may be anywhere from 0.5 :>» 5 km from the target.

6. During conduct of the Cost and Operationai Effectiveness Analysis

for COPPERHLAD (CLAP fOLA) the average range from FEDA at which moving
targets wore designated and defeated by CLGP in the OSM computer model

was recorded. Under poor visibility conditions, results depended strongly
upon the meterological visibility range and to a lesser extent on the

FO engagemert procedures employed. For visibility ranges in excess of

10 km, however, the mean range from FEBA for targets defeated by CLGP

fell within the interval 2700-3000m for a variety of other parameter
vailues. Using a similar scenario within OSM but with the current version
of CLGP, recent studies show an average range f engagement of approx-
irmately 2700m and of range from FO to target at kill of 2500m. The corres-
ponding average acquisition range by the FO party was about 3500m.

There are presently only two field siwulations that relate to CLGP
operations. These are referred to as (a) FOTOGLLD and (b) HELBAL ¢,
FOTOCLLD was performed by NMASSTER at Ft Hood, TX in the autumn of 1974
using a reinforced armored company maneuver force attacking a prepared
defensive positicn occupied by (anong others) a GLLDM-equipped FC party.
This wars prirmarily a test of the CLGP communications, command, and control
concept in which firinrs were cnly simulated. MHowever, target acquisition,
request for fire and deosignator tracking werv tested. The acquisition
typically cccurred between il TargeLs were engaged seyuentially
- as the attacking ‘orce idvanced. 1lne enpagcient of targets by CLCP IOs
was broken off at a range of approximately ! ki, after which it was
~resumed final protective fires would comrence, This test indicated
that preplanned fire using existing fire coatrol equipment is feasible.

The HELBAT 4 'eat1 was conducted jointly by the Human Engineering Laos
and the US Army Field Artillery School (USaifAS). The test tcok place
in the autumn of 1973, at USAFAS, Ft. Sill, OK. During the pzrt of the
test pertinent to CLGP operations, single, moving tank targets \ 2re
acquired and engoged by a single CLLD-equipped YO party. Acquisition,

1Horlhv. G. L. and Dousa, W. J., Jr. HELYAT 4 - Autcmated Fire Direction
on Moving Tarcets, Human Enpr Labs BdLLdllOﬂ arty Tosts, Tech Memo

19-72 (CUuI), u.Ss. HEL, Aberdeen P, G., lD May 1976.
Classifted data has been deleted.
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limited often by atmospheric conditions and terrain typically occurred

at about 3 km (max 5 km; min 2.5 km). The single target was located at

two points along its path by the laser rangefinder and these data auto~
matically sent to a computer at the fire direction center (FDC) which
calculated an intercept point and firing data and transmitted the gun
orders tc the firing unit which actually fired the mission using frangible,
ballistic ammunition. This test demonstrated the feasibility of an auto-
mated fire control (F/C) system with direct GLLD input to the F/C computer.
At projectile impact the mean distance between projectile and target

was less than o .
7. The principal advantage of employing COPPERHEAD (CLGP) instead of
direct-fire, antiarmor guided projectiles such as TOW is the ability to
engage and defeat a high density of armored targets at ranges in excess

of 3 km. To enpgage targets at such ranges with a laser guided projectile
requires an extremely precise designator such as the GLLD or equivalent.
-Guidance accuracy under these conditions is predominantly dependent upon
the laser spot jitter at the target created during tracking. A less
precise desipgnator than the GLLD, such as the MULE, would produce greater
guidance errors at a given designation range or, alternatively, require

the desipnator to stay closer to the target he is designating for the

same guidiance error, thus increasing the risk of counterfire to himself,
When precision designators such as GLLD or ATAFCS are employed targets

are attrited at a greater range from the friendly maneuver elements,
enhancing their survivability. For all of these reasons it is advantageous
to use GLLD (or ATAFCS) rather than MULE.

8. To our knowledse no deep operational analyses has been performed in
which the COPPLRIEAD system was mated with the MULE designator. Conse-
quently, it is impossible to precisely quantify the system effectiveness

. decrement that would he incurred in using MIILE rather than GLLD. Similarly,
a cost-effectiveness analysis of MULE versus GLLD in connection with
COPPLRHEAD remnins to be done.

9. The specifications for GLLD in terms of laser power, duty cycle,
beam divergence, and tracking error were driven by the need for high
accuracy at extended designation range (3-5 km) with both COPPLRHEAD
and HELLFIRE. This requirement is consistent with the use concept
described above. Since the MULE does not meet the specifications for
the GLLD (or ATAFCS), the Army has no requirement for !{ULE.

10.3 The COPPERHIAD requirements for designation are identical to those
detailed in the GLLD system specification.

10.2 The CGI'FERHEAD accuracy requirement can be achieved cver its operational
cenvelope vhen used with a designator having the characteristics of the
develupmental CGLLD used in the OT 1 tracking tests.

*
Classified data has been deleted.
NOTE: The asterisks(*) appearing in these answers denote deletion of

CONFIDENTIAL data. Authorized perscanel may request this information from
Commander, US Army Armament Command, ATTN: DRSAR-SA, Rock Island, IL 61201
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